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Abstract: The process of catalytic wet peroxide oxidation (CWPO) of phenol has been investigated in a
batch reactor employing (A1203/NiMnO3) made from nickel and manganese salts. The sol-gel method
was utilized to create the nanocatalyst locally using AI(NO3)3 hydrate as the active ingredient and
glycerol as the solvent. In addition to the standard FTIR, XRD, TEM, and SEM characteristics,
nanocatalyst's surface area and adsorption capacity were measured. They then used a batch reactor
running at various reaction temperatures (40, 50, 60, and 70 °C), concentrations of phenol (200, 300,
400, and 500 ppm), and batch times (60, 80, 100, and 120 min) to check for CWPO. The findings
demonstrated that at the best reaction temperature (70°C), batch duration (120 min), and starting
concentration (200 ppm), the greatest conversion was (98.37%) for the (8% Al203/NiMnO3). An
effective ANN model is developed in this study using Python to predict the magnitude of this effect.
Phenol removal studies in a wet catalytic peroxide oxidation batch reactor were used to validate the
model's output and training data. The dataset is separated into three groups based on temperature, time,
and concentration. Phenol was eliminated in order for the ANN model to forecast performance. The
data nearly closely matched the projected yield values. 0.99 was the regression coefficient (R2).

Keywords: AI(NO3)3/NiMnO3, Batch reactor, Catalytic wet peroxide oxidation, Oxidant (H202).

1. Introduction

A crucial toxin found in wastewater as aromatic semi-volatile hydrocarbons is phenol. Numerous
sectors, including as the rubber, textile, pharmaceutical, pulp and paper, plastics, charcoal manufacture,
ferrous industries, and petroleum refineries, may release a significant amount of phenol [17. The body
may easily absorb phenol through the lungs, stomach, and epidermis. Phenol may also interfere with the
brain's ability to regulate regular breathing patterns [27]. Its negative effects on the environment and
human health have led to its classification as a hazardous contaminant. According to the US
Environmental Protection Agency (USEPA), the proper amount of phenol in surface water is less than
1.0 mg/L, and in drinkable water, it should not be more than 0.002 mg/L[37. Additionally, the
presence of phenol in drinkable water that has been chlorine-sterilized results in the production of
phenol compounds, which can have detrimental effects on the environment and human health. Phenol
gives drinking water an unpleasant taste and smell. Therefore, in order to reduce the risks to the
environment and human health, phenol-containing wastewater must be treated [47]. According to the
new rules pertaining to ecological and environmental elements, specific and thorough solutions are
needed. Conventional oxidation techniques are not as effective as expected at thoroughly puritying
wastewater. Large amounts of pollutants can be converted using catalytic wet air oxidation (CWAO)
techniques, which use air or pure oxygen as an oxidant. Unfortunately, these procedures require harsh
conditions, such as high pressures and temperatures, which raises the expense of water treatment. The
use of a liquid oxidant (such hydrogen peroxide/CWPO) and ambient experimental conditions should
lower these expenses. Pollutant conversion is greatly aided by homogeneous procedures, such as Fenton
processes, which have been known for more than a century [5]. Catalytic wet peroxide oxidation
(CWPO) is a pure and efficient substitute for other catalytic oxidation methods. Catalytic moist
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oxidation, which uses hydrogen peroxide and catalysts, is the most efficient technique for breaking
down organic molecules like phenol. This is because catalysts have a high level of activity and
significant potential for oxidizing organic contaminants in aqueous conditions. The method's cost-
effectiveness and non-toxic conditions, which function at atmospheric pressure and temperatures lower
than 853 K, further contribute to its widespread use [6,7]. The primary goal of this chapter is to
examine the catalytic characteristics of a novel nanocatalyst, Al(NO;);*9H.O, which functions as an
active metal in the oxidation of phenol using hydrogen peroxide. Furthermore, the sol-gel method was
utilized to manufacture AI(NOs);/NiMnOs, and glycerol was employed as the solvent because of the
high activity of enhancing the catalyst structure and ultimately stability [87. In our investigation,
glycerol was utilized to highlight its durability in the oil sector [9, 107. The eftect of temperature, initial
phenol concentration and time were studied. Moreover, the catalysts were used in batch reactor to
verify the stability of these materials in long-term experiments. All of these materials were
characterized using BET, SEM-EDX, XRD, FTIR, TGA.

2. Materials

The raw material was a typical sewage water prepared by injecting phenol at different
concentrations 200-500 mg/L into demineralized water where phenol was supplied by (The E-Merck
company in India, with 99% purity). Hydrogen Peroxide (35% H.O,), HO. (Sigma-Aldrich (Germany),
purity above 99.99%) was utilized to oxidize phenol to CO, and H.O. Due to its unique physical and
chemical properties, glycerol is an excellent solvent in many chemical and industrial applications, which
was used in this study to synthesize catalyst. The properties of glycerol supplied by CARLO ERBA in
Italy.

2.1. Catalyst
2.1.1. Aluminum Nitrate Nonahydrate

Aluminum Nitrate Nonahydrate (Al (NO;);.9H.O) (obtained from company LOBA CHEMIE PVT,
India) was employed as the active metal in the nano-catalyst that was developed (8% Al.O3;/NiMnOs; .
with purity 98%

2.2. Support
The following Table specifies the Support:

Table 1.

Support materials specification.

No. | Support | Precursor Catalyst Supplying Purity
company %

1 Ni CiHeNiO,.4H.,O | AI(NOs);/NiMnO; | Sisco research 98%
laboratories Pvt. Ltd,,
India

2 Mn C4HMnO,.4H,O | AI(NOs)s/NiMnO; | Sigma Aldrich, Germany 99%
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2.3. Catalyst Preparation

Sol-gel technique was used to prepare metal oxides by combining nickel and manganese in glycerol.
Equal amounts of nickel and manganese were added to glycerol, where the amount of glycerol was five
times the amount of salts. The mixture was stirred in a vessel at 200 °C for 16 h using a magnetic
stirring system. Then a sample was taken and placed in a drying oven at 120 °C for a whole day. The
calcination process was also carried out by a tubular furnace. After drying, the catalyst was calcined at
500 °C for 1 h under an atmosphere of N, gas (purity 99.99%) at a heating rate of 5 °C/min.
AI(NO;);.9H,O was loaded using the initial wet impregnation (IWI) method. The required
concentration was 8% Al,Os/NiMnOs. To ensure complete dissolution of the active ingredient in the
solvent, 24 g of aluminum was dissolved in 50 mL of deionized water using a magnetic stirrer for 60
min. Then, the active ingredient solution was gradually introduced into 20 g of the support (Ni-MnO)
with the mixture constantly stirring for 180 min to ensure that the active metal was evenly distributed
on the support. The sample was dried in an oven at 100 °C for 4 h. The sample was prepared after
loading by impregnation method. Calcination was also carried out in a tubular furnace. After drying, the
catalyst was calcined at 500 °C for 1 h under N, gas atmosphere (purity 99.99%) at a heating rate of 5
°C/min.

2.4. Catalytic Oxidation of Phenol

Using H,O, as the oxidant, the catalytic oxidation of phenol in the model solution for phenol
treatment was conducted to evaluate the efficacy of the locally designed nano catalyst (25 mL
contaminated water/1 mL H,O,). In the model solution of initial phenol concentration (200, 300, 400,
and 500 mg/L), phenol was injected as a model of phenolic compounds. Three bottles were filled with
one gram of nanocatalyst. During each cycle of the catalytic oxidation of phenol, 100 mL of raw
materials were introduced into the batch reactor. In each experiment, the catalyst weight was 1 g, and
the raw materials to oxidant (H.O,) ratio was 25. The catalytic oxidation of phenol was conducted under
moderate conditions, with an oxidation time of 60, 80, 100, and 120 minutes and a reaction temperature
of 40, 50, 60, and 70 °C and the pressure was maintained at 1 atm in all instances. Evaporation of gases
occurred during the chemical reaction, and they were subsequently condensed. After each oxidation
reaction, the reaction mixture was chilled to room temperature and the catalyst was separated from the
oxidant-phenol solution by filtration. Using UV spectrometry, the ultimate phenol concentration of the
treated product was estimated..

2.5. UV Spectrophotometer Analysis

One of the most suitable techniques for the determination of phenolic and phenol compounds in the
model solution was UV-visible spectroscopy. The concentration of compounds was, in fact, contingent
upon two factors. First and foremost, UV light has the capacity to assimilate phenol and phenolic
compounds. The second factor that influenced the estimation of the compounds was their colored
nature, which could result in absorption features in the visible range. 269 nm was the wavelength of
phenol.

3. Results and Discussions
3.1. BET

Brunauer—-Emmett—Teller (BET) values for the surface area, pore volume, and pore size of
AlLOs/NiMnOs are shown in Table 2. There is a specific surface area and pore volume of the
nanocatalyst ALLOs/NiMnOs.The pore volume and surface area are increased as a result of the discharge
of solvents[ 117, including glycerol, water, and structural water, when the calcination temperature is
increased to 500 °C. Glycerol's removal as a binding agent results in the formation of numerous pores
and internal surface area as a result of the amorphous structural phase [127]. There were significant
factors that influenced the process, such as the increased elimination of phenol due to an increase in
surface area. The high rate of phenol elimination was facilitated by the large surface area, which
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facilitated an excellent contact area between phenol and H.O.. Furthermore, the high specific surface
area facilitated the diffusion of phenol molecules to the surface-active sites of the catalyst.

Table 2.
Surface area and pore volume information for catalyst.
Property Nano-catalyst (Al,Os/NiMnO;)
Surface area, (m*/g) 220.73
pore volume, cm®/g 0.23
Pore size, nm 417
3.2. SEM-EDX

The ALO3/NiMnO; (T) composite nanostructures, with sizes ranging from 37.94 nm to 50.71 nm,
are captured in FESEM images at varying magnifications in Figure 1.The final size of the particles may
increase as a result of the larger crystallization this is due to the fact that the tubular reactor requires a
longer time to reach the target temperatures, which in turn leads to the formation of relatively larger
crystals. At lower temperatures no boundaries between particles can be detected but at higher
temperatures, individual particles have sintered and formed agglomerates. This means that 300°C and
400°C do not provide enough energy for complete conversion of metal to metal oxides. However, at
600°C and 500°C, conversion of metal to metal oxide is complete [13,14]. The result shows that
glycerol as a solvent for preparation processes can add additional benefits, such as ordering crystal
structures at an early stage. This is due to the highly polar nature of glycerol, which provides a suitable
environment for the adsorption of small molecules and improves the chemical reaction on the surface of
nanomaterial’s. glycerol increases the material's adsorption capacity, thereby improving the efficacy of
its catalytic applications [157]. It also prevents the aggregation of nanoparticles, which retains their
Nano scale size and prevents the loss of the specific surface area. This holds particular significance in
catalytic applications, where the catalytic efficacy is influenced by the surface area [16]. Al.Os/NiMnOs
(T) composite sample EDX results are shown in Figure (2) . Various weight percentages of nickel
(9.8%), manganese (11.8%), oxygen (50.2%), and aluminum (11.6%) made up the compound. Minor peaks
of silicon (0.2%), fluorine (3.7%), and carbon (13.8%) are also present. . Peaks of oxygen, manganese, and
nickel in the EDX spectrum show that the materials' structure and composition differ. Catalytic activity
and physical and chemical characteristics can be aftfected. The sample's main components, nickel and
manganese, dominate the EDX spectrum. During calcination, metal oxides like NiO and MnO or MnO:
are formed, resulting in the presence of oxygen. Carbon from glycerol residues The constructed sample
lacks silicon and fluorine. They may be contaminated by preparation glassware or the analysis
environment. The spectrum shows substantial aluminum due to the disintegration of aluminum nitrate

during calcination and the creation of aluminum oxide (Al20s) [16,177] .
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FESEM images of Al.Os/NiMnOs
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Figure 2.
EDX mapping analysis Al.Os/NiMnOs

3.8. XRD

The XRD spectrum of the Al,Os;/NiMnO; composite exhibited four distinct diffraction peaks at
(26= 36.06°, 43.42°, 44.62°, 63.29°) with peak widths of 2.022, 0.984, 0.484, and 2.155, respectively. The
composite was found to be highly crystalline, with a crystal size of up to 56.25 nm, as evidenced by the
enhanced intensity of the peaks in the spectrum. The tubular reactor-prepared sample (T) exhibits
sharper and higher peaks, which suggest a higher degree of crystallinity and a larger crystal size. This
demonstrates that the gradual and slow heating method using the tubular reactor may provide the
crystals with additional time to grow in an orderly manner, thereby reducing crystal distortions and
achieving better crystal formation. This is evident in the clearer and stronger patterns in the results
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Figure 3.
X-ray diffraction patterns of Al:Os/NiMnOs composite.
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3.4. FTIR

The samples were analyzed within the 500-4000 cm™ spectral range as shown in the Figure 4. The
spectrum exhibits a more prominent O-H absorption band at approximately 8500 cm', which may
suggest increased moisture retention or hydroxyl formations [197].This may be due to the fact that the
tubular reactor provides gradual and evenly distributed heating, resulting in a rapid decrease in water
loss. The processing of samples in a tubular reactor can facilitate the formation of more stable chemical
species over time, which are characterized by more pronounced and robust peaks. If glycerol is not
entirely decomposed, it may persist in a partially decomposed form after drying or calcination, resulting
in peaks in specific ranges that are associated with glycerol functional groups. The thermal stability of
samples can be improved and the loss of volatile elements can be reduced by the presence of aluminum
nitrate. This can result in fluctuations in the intensity of peaks that are linked to organic or hydroxyl
tunctional groups[207].
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Figure 4.
FTIR spectra of catalyst.

3.6. TGA

Figure 5 shows the Al,Os/NiMnO; catalyst's first weight reduction. Due to surface water and
moisture loss, weight decreases rapidly between 0 and 100 °C. Glycerol loss and organic matter
breakdown can cause a weight loss up to 300 °C. A significant 300—500°C temperature drop Heat-
influenced mineral compound or heavy organic matter degradation occurs at this stage. DTA confirms
the TGA sample weight reduction a modest endothermic peak is seen below 100 °C due to glycerol or
surface water loss during dehydration due to surface hydroxyls, a large endothermic peak appears
around 200-300 °C loss of surface hydroxyls and residual nitrate degradation generate a large thermal

difference at 450 °C [197.
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Figure 5.
TGA for the catalysts of Al.Os/NiMnOs composite

3.6. Effect of Operating Conditions on the Catalytic Phenol Oxidation Process
3.6.1. Effect of Reaction Temperature

The removal of phenol from effluent by oxidation reaction was investigated at 40°C, 50°C, 60°C,
and 70°C. The results were visually represented in Figures 6 - 9 at various temperatures
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Figure 6.

Effect of temperature on phenol oxidation at initial phenol concentration 500 ppm
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Effect of temperature on phenol oxidation at initial phenol concentration400 ppm
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Effect of temperature on phenol oxidation at initial phenol concentration 300 ppm.
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Figure 9.

Effect of temperature on phenol oxidation at initial phenol concentration 200 ppm.

Temperature is known to be one of the most important factors affecting catalytic activity, and
therefore temperature was chosen as the first factor to be evaluated. Temperature affects the
decomposition rate of hydrogen peroxide (H202) to hydroxyl radicals (*OH), which are the primary
oxidizing agents responsible for phenol decomposition [217. The effect of temperature (40, 50, 60, 70
°C) was studied. It was found that the reaction rate of phenol decomposition and hydrogen peroxide
consumption, when using Al,O3/NiMnO; catalyst, increased with increasing temperature, resulting in a
reduction in reaction time to always reach 100% compound removal and total consumption of oxidant
[227]. The CWPO and organic pollutant mineralization rate typically increases significantly with
increasing temperature from 25 to about 80 °C. This can be attributed to the higher conversion of H,O,
to hydroxyl radicals. However, the CWPO process at higher temperatures (100 °C) will increase the
overall cost of processing and thermal decomposition of H,O. to oxygen and water (i.e. inactive species)
as undesirable by-products are formed [23]

3.6.2. lffect of Reaction Time

The oxidation reaction was employed to investigate the impact of time on the removal of phenol

from effluent at 60, 80, 100, and 120 minutes. The experimental data are presented in figures (10 -13) at
various time intervals.
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Figure 10.
Effect of time on phenol oxidation at initial phenol concentration 500 ppm.
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Figure 11.
Effect of time on phenol oxidation at initial phenol concentration 400 ppm.
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Effect of time on phenol oxidation at initial phenol concentration 300 ppm.
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Figure 13.
Effect of time on phenol oxidation at initial phenol concentration 200 ppm.

From Figures 10 to 138, The reaction mechanism in the wet catalytic peroxide oxidation process
evolves over time. In the initial stages of the reaction, phenol is attacked by hydroxyl radicals (*OH),
resulting in the formation of intermediates which eventually decompose to carbon dioxide and water.
The time required for complete metallization of phenol and its intermediates depends on several factors,
such as the type of catalyst, temperature, and hydrogen peroxide concentration[ 24]. The influence of
oxidation time on the removal of phenol using the AlLOs/NiMnOs catalyst. The rate of phenol
elimination was exceedingly low throughout the entire oxidation period that was assessed at 40°C. High
and substantial phenol removal was observed at temperatures of 60 °C and 70 °C. This behavior may be
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attributed to the rapid adsorption (physically) on the Al,Os/NiMnO; surface, which leads to the initial
removal of phenol. The phenol oxidation was gradually enhanced as the time passed. The results
demonstrated that the moist oxidation process's performance is enhanced by increasing the reaction
time. This is due to the fact that the transfer of oxygen atoms and phenol in the Al,Os/NiMnO; pores is
improved by increasing the contacting time between the reactants. The stable results in the removal of
phenol up to 120 minutes are further demonstrated to be more enhancing over time [257].

3.6.3. Effect of Initial Phenol Concentration
The removal of phenol from eftfluent through an oxidation reaction was investigated in relation to

the initial concentration at 200 ppm, 300 ppm, 400 ppm, and 500 ppm are, depicted in Figures 14 to 17
under varying conditions.
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Figure 14.

Effect of initial phenol concentration on phenol oxidation at time 60 min.
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Effect of initial phenol concentration on phenol oxidation at time 80 min.
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Effect of initial phenol concentration on phenol oxidation at time 100 min.
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Effect of initial phenol concentration on phenol oxidation at time 120 min.

At various initial concentrations of phenol (200, 300, 400, and 500 mg/L), Figure 17 illustrates the
rates of phenol degradation. The rate of phenol removal increases as the phenol concentration decreases,
as illustrated by the graph. One may observe this. CAT-1 and H.O. were employed as oxidants at 70°C
tor 120 minutes. The removal rates were 92.46% and 83.57% when the phenol concentration increased
from 200 to 300 mg/L, and decreased from 83.57% to 71.39% when the phenol concentration increased
from 800 to 500 mg/L. When the phenol concentration was increased from 200 to 300 mg/L, the
phenol removal rate was 98.37% and 91.17%. However, the removal rate decreased from 91.17% to
80.61% when the phenol concentration was increased from 300 to 500 mg/L when CAT-2 and H.O,
were used as oxidants at 70°C for 120 minutes. Additionally, the wastewater feedstock's optimal initial
concentration of phenol for oxidation was investigated, the phenol concentration was 200 ppm. Results
of the current investigation were consistent with those of Gumus and Akbal 267 .Who demonstrated
that the phenol removal rate decreased from 98.92% to 68.63% as the initial phenol concentration
increased from 50 to 500 ppm. They employed H,O, as an oxidant and ferrous ions as a catalyst in a
Fenton electrochemical reactor. As anticipated, the initial concentration of phenol in the effluent was
inversely proportional to the conversion of phenol. This may be attributed to the fact that the
concentration of hydroxyl radicals remains constant, despite fluctuations in phenol concentration, as
illustrated in Eq. 2.2. Consequently, the conversion decreases [27]. As phenol content increases,
elimination efficiency decreases. Since hydrogen peroxide decomposes to produce hydroxyl free radicals
that break down organic compounds like phenol, the number of free radicals (OH) generated in the
system remains constant while the demand for these radicals increases with phenol concentration. When
phenol concentration is too high, free radicals may not be enough to breakdown all the phenol molecules
in the solution.

4. ANN Model Results

The entire dataset that is not utilized for training is employed to predict the percentage of removal
using a well-developed and trained artificial neural network (ANN) model in order to estimate the
percentage of removal and optimize the operational parameters to increase removal. Several statistical
parameters, such as the correlation coefficient (R), root mean square error (RMSE), mean absolute error
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(MAE), and mean bias error (MBE), are employed to assess the proposed ANN model [287 [297. Below
are the equations for each of these parameters:

Z?:1(Yexp,i_Yexp,i,avg) (Yest,i _Yest,i,avg)

Correlation coefficient (R) = (4.2)
\/Z?=1(Yexp,i_Yexp,i.avg)z 231:1(Yest,i_Yest,i,avg)2
Root mean square error (RMSE) :\/lZ(Yest — Yexp)? (4-3)
Mean absolute error (MAE) = ZlYest expl (4.4)
Mean bias error (MBE) ZEZ(Yest = Yexp) (4.5)

Where:

Y. the experimental value of the removal.
Y. the ANN-estimated value of the removal.
Y. the average value of the removal.

Additionally, the regression coefficient (R2), written documents, or instructions that offer
information or guidance on a specific subject may be used to evaluate the predictive accuracy of the
model:

https://scikitlearn.org/stable/modules/generated/sklearn.metrics.re_score.html

A regression model's fit is frequently evaluated using the coefficient of determination, also known as
the (R2) (R-squared) score. It represents a value between 0 and 1, which denotes the extent to which the
predicted values correspond to the actual values.

Furthermore, the model's efficacy is evaluated using the mean absolute error (MAE) statistic.
Detailed instructions, explanations, or descriptions of a specific subject or process are provided by
written records or information:

https://scikitlearn.org/stable/modules/generated/sklearn.metrics.mean_absolute_error.html.

Additionally, the root mean squared error (RMSE) functions as an additional statistic. Additionally,
written documents or materials that furnish information or instructions are advantageous:

https://scikitlearn.org/stable/modules/generated/sklearn.metrics.mean_squared_error.html.

To repurpose the Python ANN model, simply include new data (‘temp’, 'time', conc 'type catalyst',
and removal) in the CSV file. Afterward, utilize a GPU to execute Google Colab in order to obtain the
anticipated removal percentage. After the cell has been executed, simply verify the cell below and input
your preferable values to obtain the anticipated parameters, including time, catalyst, conc, and
temperature prediction removal.

4.1. Stmulation Results

The experimental removal of all masses using the tubular furnace prepared Al,Os/NiMnO; catalyst
is compared in Table4 . This table enables comparison between the experimental removal and the
predicted removal. The absolute error percentages between the experimental and simulated figures may
exceed 2.86%. The experlmental removal and the removal derived from the nonlinear regression
technique are compared in Figure 18. The effectiveness of the applied strategy is demonstrated by these
results. The comparison results are given in the text.
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Table 3.
Comparison between experimental & and simulated results.
Run Temperature, | Time conc. | Removal Removal Percentage
(°C) (min) (ppm) (%) predicted (%) error (%)

1 40 60 500 37.3 37.6 0.9
2 40 80 500 44.2 45.6 3.2
3 40 100 500 53 54.2 2.3
4 40 120 500 63.3 62.9 0.7
5 50 60 500 40.5 42.3 4.5
6 50 80 500 47.8 48.8 2.1
7 50 100 500 57.1 58.6 2.7
8 50 120 500 67.8 68.4 0.9
9 60 60 500 44.3 45.1 1.9
10 60 80 500 54.3 55.2 1.7
11 60 100 500 64.5 65.4 1.4
12 60 120 500 73.6 74.9 1.8
13 70 60 500 48.5 50.2 3.6
14 70 80 500 58.7 59.3 1.1
15 70 100 500 68.8 69.6 1.2
16 70 120 500 80.7 81 0.4
17 40 60 400 414 42.3 2.2
18 40 80 400 48.6 48.9 0.7
19 40 100 400 55.6 56.2 1.1
20 40 120 400 644 65.5 1.8
21 50 60 400 48.8 49.6 1.7
22 50 80 400 54.3 55.6 2.4
23 50 100 400 62.6 63.5 1.5
2% 50 120 400 69.5 70.8 1.9
25 60 60 400 55.8 57.2 2.6
26 60 80 400 61.1 62 1.5
27 60 100 400 68.5 67.6 1.4
28 60 120 400 77.8 76.4 1.8
29 70 60 400 60.3 61 1.2
30 70 80 400 67.7 68.6 1.4
31 70 100 400 77.% 77.8 0.6
32 70 120 400 88.5 88.9 0.5
33 40 60 300 51.2 51.9 1.4
3% 40 80 300 59.9 58.4 2.6
35 40 100 300 66 64.8 1.9
36 40 120 300 73.4 74.6 1.7
37 50 60 300 56.8 57.9 2
38 50 80 300 64.1 65.2 1.8
39 50 100 300 70.7 70.1 0.9
40 50 120 300 79.1 79.6 0.7
41 60 60 300 65.7 64.3 2.2
42 60 80 300 72.1 74.2 3
43 60 100 300 78.2 79.1 1.2
44 60 120 300 84.6 85.6 1.2
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45 70 60 300 68.5 69.6 1.7
46 70 80 300 75.7 77.3 2.2
47 70 100 300 83.9 85.9 2.4
48 70 120 300 91.2 92.3 1.3
49 40 60 200 56.8 57 0.4
50 40 80 200 66.7 67.3 0.9
51 40 100 200 73.1 75.2 2.9
52 40 120 200 82 83.1 1.4
53 50 60 200 64.4 64.1 0.5
54 50 80 200 73.1 73.5 0.6
55 50 100 200 80.7 80.9 0.3
56 50 120 200 87.4 88.7 1.5
57 60 60 200 70 71.2 1.8
58 60 80 200 77.7 76.6 1.5
59 60 100 200 86.5 87.8 1.6
60 60 120 200 92.6 93.1 0.6
61 70 60 200 74.2 76.3 2.9
62 70 80 200 82 82.1 0.2
63 70 100 200 90.7 91.2 0.6
64 70 120 200 98.4 98.9 0.6
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Figure 18.
Comparison between experimental & and simulated results.

4.2. Optimal Predicted Removal

One method of determining the optimal operating conditions for achieving the highest removal
percentage is to execute the artificial neural network (ANN) model on the Google Colab website with a
graphics processing unit (GPU) and a goal objective function of achieving a removal percentage that is
nearly 100%. The mean squared error (MSE) was 2.6% in this instance, indicating a high level of
prediction accuracy. The Python ANN model was employed in the present study to achieve a maximal

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 8 No. 6: 5919-5938, 2024

DOI: 10.55214/25768484.v816.3275

© 2024 by the authors; licensee Learning Gate



5937

removal percentage of 100. The process of removing eftluent is followed by its processing in a batch
reactor. The optimal working parameters for achieving that removal were as follows: temperature of
74.3 °C, time of 131 minutes, concentration of 200 ppm,

5. Conclusions

This study employed a novel nanocatalyst with a long catalyst lifetime and a high removal rate to
oxidize wastewater phenol. Hydrogen peroxide was used in a batch reactor to oxidize phenol. Phenol
conversion was investigated using reaction times (60, 80, 100, and 120 min), reaction temperatures (40,
50, 60, and 70 °C), and initial phenol concentrations (200, 300, 400, and 500 ppm). Using glycerol as a
solvent, sol-gel was used to create the catalyst, which was then calcined in a tube furnace. The high
porosity of the nanocatalyst has positively accelerated the phenol oxidation process, which was affected
by the same active metal oxide base (Al.O;) on the surfaces of these absorbent materials (nickel and
manganese oxide). Under moderate conditions (70 °C, 120 min, and a starting phenol concentration of
200 ppm), the best phenol conversion was 98.37%. Because of its affordability and capacity to eliminate
phenol, the nanocatalyst's high stability over the course of the reaction makes it a promising oxidation
catalyst for future process expansion. The work opens the door to future catalysts with extended
lifespans. With significant surface alterations, the catalyst may eliminate extremely dangerous
pollutants. Using experimental data, an Artificial Neural Network (ANN) model built with Python was
used to forecast the optimal yield. The total of the squared discrepancies between the expected and
experimental results is minimized to get the estimated yield. Using the non-linear regression approach,
the mean absolute error for all outcomes was less than 3% in a variety of scenarios.

Copyright:
© 2024 by the authors. This article is an open access article distributed under the terms and conditions
of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).
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